ENVIRONMENTAL  IMPACT 
RESEARCH  PROGRAM 


WmW 


US  Army  Corps 
of  Engineers 


2 


O)  mr 
<  % 


u 


(3) 


OIK  FILE  COP 


COMMUNITY  HABITAT  SUITABILITY 
MODELS  FOR  WARMWATER  FISHES 


Andrew  C  Miller.  K  JacK  Killgore 
Barry  S  Payne.  Johnny  Franklin 


Environmental  Laboratory 


DEPARTMENT  OF  THE  ARMY 
Waterways  Experiment  Station,  Corps  of  Engineers 
PO  Box  631,  Vicksburg,  Mississippi  39180-0631 


DTIO 

ELECTEI 


JAN  1  1  1988 


<§■  p" 

J  K- 


&  \  -  _  H  3T 

O’  P 


November  1987 


Final  Report 


f  .M-i,  Release  Distribution  Unlimited 


0  0  2 


■  DEPARTMENT  OF  THE  ARMY 
US  Army  Corps  of  Engineers 
Washington,  DC  20314-1000 


Work  Unit  31729 


e 

k  "  "  k 


11 


•V  r  5  '  ,'PO't  a't  iot  to  oe  const' oed  as  an  o*fic  al 
•  me  Army  pos  unless  so  designated 

by  otn-.-r  autnonyed  documents. 


■'.‘r.e  *S  1  d  r.i'is  o-oort  an-  to  be  ..vO  *■ 

••  ■  •  r.af.uf  O'  awiMtlonj:  ir.'P'.'-t.-' 

"  ,i‘  tr.i.l'  names  does  Cu“  ■"  '•  a 

.  -i  •  •![■■[  scun.rTt  '}■  ipO'Cn.  V  t)‘  T  ■  o 


y.sj 


StCuR*TV  CLASSiF  CAT;ON  OF  r hiS  PAGE 


REPORT  DOCUMENTATION  PAGE 


lb  RESTRICTIVE  MARKINGS 


Form  Approved 
OMB  No  0704  0189 
£*p  Oate  Jun  30  1986 


REPORT  SECijR-TY  CLASSIFICATION 

2nc  lass  1  f  led 


2a  SECURITY  CLASS'FICATION  AUTHORITY 


2b  OECLASSlFiCATiON  DOWNGRADING  SCHEDULE 


4  PERFORMING  ORGANIZATION  REPORT  NUMBER(S) 

Miscellaneous  Paper  EL-8 7-1  U 


3  distribution  /  availability  of  report 


Approved  for  public  release;  distribution 
uni imi ted . 


5  MONiTORiNG  ORGANIZATION  REPORT  NuM8£R<$) 


6a  NAME  OF  PERFORMING  ORGANIZATION  16b  OFFICE  SYMBOL  7a  NAME  OF  MONITORING  ORGANIZATION 
'SAEWKS  I  Of  applicable)  I 


I’SAEWKS 

Env i  ronmenf  a  l  I.aborator 


6<  ADDRESS  (Cry,  Sure.  and  tiPCode) 

PO  Box  61 1 

Vicksburg,  MS  '^ISO-OnM 


7b  ADDRESS  (Ofy.  State,  and  HP  Code) 


3a  NAME  OF  FINDING.  SPONSORING 
ORGANIZATION 

LS  Army  Corns  of  Fngineers 


3b  OFFICE  SYMBOL  9  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 
(if  applicable) 


8c.  ADORESSiCfy.  Sfare  and  Z/PCode) 

w a ? h  i r, k :  n ,  nr  : o b  i  .» - 1  on n 


10  SOURCE  OF  FUNDING  NUMBERS 


PROGRAM 


PROJECT 

TASK 

NO 

NO 

WORK  UNIT 
ACCESSION  NO 

31729 


ii  TiTlE  (include  Security  Classification) 

Cor^uni  r  ••  Habitat  Suit  abilitv  Models  for  Warmwater  Fishes 


V  PERSONAL  A^ThOR(S) 

MiMer,  Andrew  C.;  Killgore,  K.  .Tack;  Payne,  Barry  S.;  Franklin,  Johnny 


1 3a  Type  OF  REPORT 
Final  report 


14  DATE  OF  REPORT  [Year.  Month,  Day)  IS  PAGE  COUNT 

November  1987  31 


AvaVl a^1  < ~  f r  Technical  Information  Service,  5283  Port  Roval  Road,  Springfield, 

VA  2215!  . 


'8  SUBJECT  rr RMS  l Continue  on  reverse 

it  necessary  and  identify  by  block  number) 

Community  models 

HSI 

•Habitat  evaluation 

Suitabillfv  index 

HEP 

Warmwater  fishes 

’9  ABS  RAC'  Continue  an  'everse  f  necessary  and  identify  by  block  number) 


Most  published  habitat  suitabilitv  index  (HST)  models  for  warmwater  fishes  have  too 
'/ariabl*  s,  rr.anv  of  which  are  t  imp-consuming  and  difficult  to  measure.  In  addition, 
ill1"'"-  index  scores  are  calculated  using  n^nuni  forn  methods  that  often  yield  differ- 


~ .  i  r 

■■  variab 

!*■!-,  r.anv  o 

st:  •: 

'ibi  1  ’  •  y 

index  scon 

e  n  t 

va  lues 

•  r  r 1 nse  1  y 

t  i  t* 

(1  Stud  i 

e  •  i  *i  the  L 

C  1  1  1 

I  v  re  ! 

a  fed  specie: 

'  ■ ’  m 

muit  it  v  r 

•  Te!  was  dc 

vo : 

’  1  r  v  .  p 

*•  t  ceu  t  rove 

■  nd  r:etk.Vs  used  to  develop  and  te^t  these  models  are  discussed.  . 


20  .)  S'J  SU  ’  ON  A  vA  _AB..  ”y  !jt  STRAC"* 

3  ,N(.\AS S.F  ED  oNL  V  'fD  □  SAVE  3Pr 


aESso**s  ble  \d  v  dual 


2?  ABSTRACT  SEC  j'i  tv  C.-ASS  c  CATiON 
Q  D’-C  users  Unclassified  _ 


ZJb  'EwEPhCNE  (include  Area  Code)  I  22c  U£f  c 


DO  FORM  1473.  34  map 


93  ap°  ed?  on  ”4 y  be  used  o  '"  i  e<-  dusted 
ah  ot*er  eda  ons  are  uoscete 


r  ~v  ClaSS  CiCat  ON  Qc  •  -  S  page 

Unclassif ied 


Preface 

This  work  was  conducted  under  the  Environmental  Impact  Research  Program 
(EIRP) ,  Work  Unit  31729,  sponsored  by  the  Office,  Chief  of  Engineers  (OCE) , 

US  Army.  Technical  Monitors  were  Dr.  John  Bushman  and  Mr.  Earl  Eiker,  OCE, 
and  Mr.  Dave  Mathis,  Water  Resources  Support  Center. 

This  report  was  prepared  by  Dr.  Andrew  C.  Miller,  Mr.  K.  Jack  Killgore, 
Dr.  Barry  S.  Payne,  and  Mr.  Johnny  Franklin  of  the  Aquatic  Habitat  Group 
(AHC.)  ,  Environmental  Resources  Division  (ERD)  ,  Environmental  Laboratory  (EL)  , 
US  Army  Engineer  Waterways  Experiment  Station  (WES).  Comments  were  provided 
by  Ms.  Jean  O'Neil  and  Mr.  David  Nelson  of  WES.  This  work  was  performed  under 
the  general  supervision  of  Mr.  Richard  Coleman,  AC/AHG,  Dr.  Conrad  J.  Kirby, 
Chief,  ERD,  and  Dr.  John  Harrison,  Chief,  EL.  Dr.  Roger  T.  Saucier  was  Pro¬ 
gram  Manager,  EIRP.  This  report  was  edited  by  Ms.  Jamie  W.  Leach  of  the  WES 
Information  Products  Division. 

COL  Allen  F.  Grum,  USA,  was  the  previous  Director  of  WES.  COL  Dwayne  G. 
Lee,  CE,  is  the  present  Commander  and  Director.  Dr.  Robert  W.  Whalin  is  Tech¬ 
nical  Director. 


This  report  should  be  cited  as  follows: 


Miller  A.  C.,  Killgore,  K.  J.,  Payne,  B.  S.,  and  Franklin,  J. 
1987.  "Community  Habitat  Suitability  Models  for  Warmwater 
Fishes,"  Miscellaneous  Paper  EL-87-14,  US  Army  Engineer  Waterways 
Experiment  Station,  Vicksburg,  Miss. 


Contents 


Preface . 


Introduc  t ion . 


Methods . 


Results  and  Discussion. 


Analysis  of  published  models. 

Composite  SI  curves . 

Community  models . 


Summary. 


References . 
Tables  1-6 


%"  V 


COMMUNITY  HABITAT  SUITABILITY  MODELS  FOR  WARMWATER  FISHES 


Introduction 


1 .  Habitat-based  evaluation  methods  such  as  the  Habitat  Evaluation  Pro¬ 
cedures  (HEP)  are  general  planning  tools  used  to  rate  habitat  quality  for  game 
and  nongame  species.  These  methods  use  suitability  index  (SI)  curves  to 
graphically  relate  the  value  of  a  habitat  variable  (i.e.,  percent  cover  or 
current  velocity)  to  a  species  of  interest.  SI  scores  range  from  0.0  (poor 
habitat)  to  1.0  (optimum  habitat).  The  values  from  the  curves  are  used  to 
calculate  an  overall  habitat  suitability  index  (HSI) .  An  HSI  is  a  numerical 
measure  of  the  value  of  a  habitat  in  terms  of  important  life  requisites  for  a 
particular  species.  Thus,  a  biologist  or  planner  can  use  a  habitat-based 
method  to  describe  the  positive  and  negative  features  of  project  alternatives 
or  to  design  a  resource  management  program.  However,  species-specific  HSI 
models  and  their  component  SI  curves  are  not  proven  statements  of  fact  and  do 
not  always  define  ecological  relationships.  In  addition,  HSI  models  do  not 
consider  all  factors  that  influence  natural  populations  such  as  competition, 
mortality,  recruitment,  or  density-dependent  regulation.  Gilbert  (1984)  found 
that  published  HSI  models  performed  poorly  and  did  not  correlate  well  with 
estimated  standing  crop.  HSI  models  should  be  considered  as  qualitative  tools 
to  guide  general  planning. 

2.  An  analysis  of  more  than  20  published  HSI  models  for  freshwater 
fishes  revealed  two  basic  problems  that  hinder  model  use  for  general  planning 
studies.  First,  the  data  requirements  of  most  models  are  difficult  to  meet 
because  they  have  too  many  variables,  many  of  which  are  time-consuming  to  mea¬ 
sure.  For  example,  the  HSI  riverine  model  for  bluegill  (Stuber,  Gehart ,  and 
Maughan  1982)  requires  14  variables.  One  variable,  water  temperature,  must  be 
measured  on  multiple  dates.  Second,  different  models  exist  for  closely  re¬ 
lated  species  that  use  similar  types  of  habitat.  For  example,  the  riverine 
model  for  the  redear  sunfish  (Twomey,  Get  hart,  and  Nelson  1984)  uses  9  vari¬ 
ables,  whereas  the  green  sunfish  mode],  a  closely  related  species,  requires 

!1  variables.  For  most  planning  purposes,  all  sunfishes  (i.e.  lepomids)  could 
be  evaluated  with  a  single  model  built  with  a  minimum  number  of  variables, 
j.  As  part  of  research  on  habitat  evaluation  methods  within  the 
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Environmental  Impact  Research  Program,  a  study  was  initiated  to  determine  if 
the  number  of  variables  used  in  published  HSI  models  for  riverine  fishes  could 
be  reduced  and  if  two  or  more  closely  related  species  could  be  grouped  and 
evaluated  with  a  single  model.  Field  data  from  two  sites  in  the  southern 
United  States  were  used  to  evaluate  selected  fish  models,  provide  information 
to  reduce  the  number  of  variables,  and  place  fishes  in  similar  groups.  Based 
upon  this  work,  a  set  of  easy-to-use  community  models  was  developed  for  habi¬ 
tat  evaluation  studies.  These  models  reduce  the  complexity  and  data  require¬ 
ments  of  the  habitat  evaluation  process  and  offer  an  alternate  approach  to 
impact  assessment,  especially  when  time  to  complete  the  project  is  limited. 

In  addition,  the  results  of  this  research  should  provide  new  insight  into  use 
of  the  HEP  and  other  habitat-based  methods. 

Methods 


4.  Data  on  fish  community  composition  and  habitac  conditions  were  ob¬ 
tained  from  two  dissimilar  study  areas:  Little  Cypress  Bayou,  Texas,  and  the 
Yazoo  River,  Mississippi  (Killgore  and  Hathorn  1987  and  Killgore  and  Miller 
1985,  respectively).  The  Little  Cypress  Bayou  is  a  relatively  shallow,  low 
gradient  stream  with  abundant  instream  cover,  and  the  Yazoo  Ri -er  i  ep,  low 
gradient,  and  turbid  with  little  instream  cover.  The  Little  Cypress  Bayou  is 
relatively  undisturbed  by  water  resource  development  and  provides  high  quality 
habitat  for  warmwater  fishes.  By  contrast,  the  Yazoo  River  has  been  nega¬ 
tively  affected  by  agricultural  runoff,  clearing,  and  channelization,  and  is  a 
low  quality  habitat  for  most  riverine  fishes. 

5.  A  boat-mounted  electrofishing  apparatus  was  used  to  determine  spe¬ 
cies  composition  at  representative  habitat  types  at  each  study  area.  Chemical 
and  physical  data  were  obtained  from  the  field  or  published  reports  to  calcu¬ 
late  .1ST  values  for  fishes  common  in  both  study  areas.  Models  developed  by 
the  US  Fish  and  Wildlife  Service  (USFWS)  were  used  for  these  calculations. 
Based  upon  HSI  scores  calculated  for  each  site,  fishes  were  placed  into  one  of 
ten  possible  groups  (0.0-0.10,  0.11-0.20,  0.21-0.30,  etc.)  for  each  site. 
Discrepancies  among  HSI  scores  for  closely  related  species  were  identified, 
and  models  were  examined  to  determine  if  these  discrepancies  were  the  result 
of  arbitrary  differences  in  individual  SI  curves,  the  models,  or  actual 
species-specific  variation  in  habitat  requirements. 
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6.  Based  upon  morphological  similarities,  published  information  on  the 
ecology  of  each  species,  and  results  of  these  calculations,  fishes  were  placed 
into  groups.  Five  variables  that  were  consistently  used  in  the  models  were 
chosen  to  prepare  community  models:  percent  cover,  water  depth,  water  veloc¬ 
ity,  pH,  and  dissolved  oxygen.  Composite  SI  curves  for  each  variable  and  each 
group  of  fishes  were  prepared  by  averaging  individual  species  curves. 

Finally,  the  composite  curves  for  the  five  variables  were  used  to  recalculate 
HSI  scores.  These  values  were  then  compared  with  those  determined  from  the 


original,  unmodified  models. 


Results  and  Discussion 


Analysis  of  published  models 

7.  Number  and  definition  of  variables.  A  total  of  12  species  of  fishes 
were  common  to  both  study  sites  (Table  1).  It  was  determined  that  a  total  of 
36  habitat  variables  would  be  required  to  calculate  HSI  scores  for  these 

12  species  ("Table  2)  .  The  largemouth  bass  required  the  largest  number  of 
variables  (20)  ,  whereas  the  redear  and  spotted  bass  both  required  the 
fewest  (9).  This  list  could  be  reduced  if  definitions  for  the  same  type  of 
variables  were  uniform  and  not  defined  in  subtly  different  ways.  For  example, 
in  the  model  for  adult  bigmouth  buffalo,  water  temperature  was  considered  as 
"  laximum  water  temperature  where  species  occurs  in  the  summer"  (Edwards  1983). 
Yet  for  adult  smallmouth  buffalo,  the  same  variable  is  defined  as  "average 
water  temperatures  where  the  species  occurs  during  July-August"  (Edwards  and 
Twomey  1982).  Also,  turbidity  was  measured  in  parts  per  million  in  some 
models  and  Jackson  Turbidity  Units  in  others.  To  minimize  the  complexity  of 
the  data  requirements,  these  variables  can  be  placed  into  five  categories  rep¬ 
resenting  depth,  velocity,  cover,  water  quality,  and  "other"  (Table  3).  How¬ 
ever,  most  applications  of  the  models,  as  published  by  the  USFWS  without  modi¬ 
fication,  require  as  many  as  20  separate  variables. 

8.  Computation  of  HSI  scores.  To  evaluate  relative  differences  among 
models,  H  T  values  for  all  species  common  to  both  study  sites  were  calculated 
using  unmodified  models.  Fishes  with  the  same  HSI  scores  were  grouped 

’  J'le  4i.  ;n  the  Little  Cypress  Bayou,  HSI  scores  ranged  from  0.11  to  1.00, 

•  me  *  were  placed  into  seven  groups.  Tn  the  Yazoo  River,  the  HSI  values 

ranged  iron.  0.0  to  0.80,  and  six  groups  were  established.  The  HSI  values 
\ar;<d  tor  c  1  ]  y  related  species  because  three  different  methods  (arithmetic 
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mean,  geometric  mean,  and  the  limiting  factor  method)  were  used  to  calculate 
the  final  values.  For  example,  in  the  Little  Cypress  Bayou,  the  HSI  for 
smallmouth  buffalo  was  0.3,  while  the  HSI  for  bigmouth  buffalo  was  0.8,  even 
though  these  species  are  commonly  found  in  the  same  habitat.  The  HSI  value 
for  the  smallmouth  buffalo  was  obtained  by  taking  the  least  of  the  water  qual¬ 
ity  SI  scores,  whereas  the  average  of  all  components  was  used  to  calculate  the 
HSI  for  the  bigmouth  buffalo.  Differences  in  the  way  computations  were  made 
caused  variation  in  HSI  scores  for  these  two  closely  related  species. 

9 .  Suitability  index  curves.  Individual  SI  curves  often  varied  con¬ 
siderably  for  closely  related  species,  which  caused  widely  different  HSI  val¬ 
ues.  For  example,  fish  in  the  genus  ' evomrs ,  which  have  similar  morphometric 
features  and  hahitat  requirements,  had  HSI  scores  that  ranged  from  0.41  to 
1.00  in  the  Little  Ovpress  Bavou  and  from  0.0  to  0.70  in  the  Yazoo  River.  The 
models  for  hluegill  and  green  sunfish  (genus  lepon's)  were  constructed  with 
similar  SI  variables,  but  each  had  markedly  different  HSI  values  in  the  Yazoo 
River  (Tables  3  and  61.  This  difference  was  caused  by  the  variable  "average 
current  velocity  for  emhrvos.”  In  a  current  of  15  cm/sec,  the  bluegill 
receives  an  SI  of  0.7  while  the  green  sunfish  gets  a  value  0.0;  therefore,  the 
reproductive  component  of  the  green  sunfish  model  was  0.0  and  the  overall  HSI 
value  was  0.0.  Similarly,  in  a  current  of  20.0  cm/sec,  the  adult  redear 
sunfish  receives  an  SI  of  0.0,  while  the  SI  value  for  adult  warmouth  is  0.1, 
for  green  sunfish  it  is  0.4,  and  for  bluegill  it  is  0.7.  As  discussed  by 
Payne  and  Long  (lq85),  SI  curves  for  different  species  can  be  conceptually 
similar,  although  small  differences  in  the  manner  in  which  they  were  con¬ 
structed  can  cause  large  variation  in  final  values.  Carefully  designed  labo¬ 
ratory  experiments  or  field  observations  would  he  necessary  to  determine  if 
these  differences  among  lepomids  actually  exist.  Currently  there  is  no  basis 
for  these  large  interspecific  differences  in  the  Lepomis  models. 

Composite  SI  curves 

10.  Although  warmwater  fishes  have  similar  tolerances  to  fluctuating 
water  quality  conditions  (Kelly,  (Patchings,  and  Payne  1981),  their  use  of 
pools,  current  velocity,  and  cover  is  influenced  by  swimming  performance,  body 
shape  and  fin  placement  (Gatz  1979a,  1979b,  1981),  and  their  ability  to  avoid 
predators  (Mittelhach  1984,  Webb  1986).  Therefore,  composite  curves  for  im¬ 
portant  phvsical  habitat  variables  were  developed  for  congeneric  species  with 
similar  morphology.  These  groups  included  sunfishes  (Lepomi’s) .  crappies 
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( •'  ,■ )  ,  black  bass  (y-\‘v-'V*,cyu.'-)  ,  cat  fishes  ( /  .'•talurus)  ,  and  buffaloes 

11.  Composite  SI  curves  were  prepared  for  each  group  by  taking  the 
average  of  individual  SI  curves  for  the  following  variables:  percent  pools, 
average  current  velocity,  percent  cover,  dissolved  oxygen,  and  pH.  These 
variables  were  chosen  because  they  accounted  for  significant  categories  in 
published  models  ("Table  31,  are  commonly  used  in  riverine  habitat  analysis, 
and  can  be  easily  measured  in  the  field.  This  procedure  reduced  the  variation 
in  the  models  that  results  from  incorporating  a  large  number  of  variables. 
However,  considering  the  discrepancies  in  individual  species  curves  and  the 
use  of  HEP  for  general  planning  purposes,  this  was  considered  appropriate. 
Although  water  temperature  and  turbidity  were  also  used  in  most  models,  they 
were  defined  inconsistently  or  expressed  in  different  units  and  were  not  in¬ 
cluded.  Variables  that  deal  with  suitability  of  habitat  for  reproduction  were 
not  used  because  they  are  usually  species-specific.  However,  examination  of 
the  pH  and  dissolved  oxygen  variables  revealed  that  they  were  common  to  all 
12  models,  regardless  of  species.  The  optimum  value  for  dissolved  oxygen  was 
in.O  mg';,  and  the  optimum  pH  value  was  approximately  8.0  for  all  species. 
Consequently,  SI  curves  for  these  two  variables  were  prepared  by  averaging 
curves  fr-'m  all  12  species  models  (Figure  1). 


12.  Crimp  1  :  Bluegi  1 1 .  green  sunf ish,  rodenr  sun:  ish,  and  warmnuth . 
These  species  are  members  of  the  sunf  ish  fan!  1  v  i  Cent  '■•ir.'h  i  hu-  1  and  .in- 
characterized  b\  lateral  lv  compressed  hedies  suitable  f ->r  1  -v-speed  "  nneuver- 
ing  in  vegetated  and  other  structural  1  v  complex  areas.  ihe-.  pos.-ess  sm.u!  1  -  to 
medium-sized  mouths  with  fine  teeth  and  are  capable  or  !  net.  in,-  atvit  r 
insects,  crustaceans,  and  small  fishes.  Sunf  is  ho-  usua1  ’  v  inhibit  sh.t’  low, 
low-velocl  tv  water  associated  with  various  tvpes  of  cover  *  ■••<•. >rr  a  ini  Crossmat. 
1973,  Pf  lieger  1975,  Becker  1983).  Because  of  rh.-i  r  sir.i  !..r  i  t  i  os  i  •-  mor¬ 
phology  and  habitat  utilization,  hybridization  is  cniTro". 

13.  individual  and  cc  osite  SI  curves  of  percent  pool  s ,  .■'.•••  race  cur¬ 
rent  ve  loci  tv,  and  percent  ver  for  each  sun:’ ish  specie--  •  r  the  ge"".-- 

3  appear  in  figure  2,  The  optimum  percent  an  of  po.  :  r  ' 
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The  SI  score  was  1.0  when  cover  was  between  40  and  80  percent  and  less  than 
1.0  when  amount  of  cover  was  greater  than  80  percent  or  less  than  40  percent. 

lb.  Group  3:  iargemouth  bass  and  spotted  bass.  These  two  centrarchids 
(genus  X- svcptatms)  have  slightly  compressed  bodies  and  large  mouths  with 
pointed  teeth  positioned  in  brushlike  pads  on  both  upper  and  lower  jaws. 

Adult  .V'  ‘i'cvt iiiiu'  are  carnivorous  and,  like  other  centrarchids,  are  dependent 


on  cover  (Becker  1983). 

17.  The  curve  for  average  current  velocity  for  the  spotted  bass  was 
prepared  from  data  collected  in  the  Cypress  Bayou  (Killgore  and  Hathorn  1987) 
because  the  published  model  did  not  use  this  variable.  Furthermore,  the  vari¬ 
able  "percent  riffle,"  rather  than  "percent  pool"  (used  herein)  appeared  in 
the  published  model.  Percent  pool  was  calculated  bv  subtracting  percent  rif¬ 
fles  from  10(3.  The  optimum  quantity  of  pools  for  both  species  was  60  percent 
(Figure  4).  However,  the  curve  for  spotted  bass  decreased  when  pools  exceeded 
60  percent,  while  the  value  for  iargemouth  bass  remained  at  1.0.  Both  species 
of  bass  seemed  to  prefer  low-velocity  water  (less  than  10  cm/sec),  although 
spotted  hass  are  often  t ound  in  higher  velocity  water  than  the  Iargemouth  bass 
(Ryan,  Aval  tit  ,  and  Smit  Herman  19’0,  Tr. -Hitman  1981).  However,  when  both  spe¬ 
cies  of  bass  occur  together,  their  habitat  requirements  are  similar  (Funk 

Miller  1973).  .'iptimum  percent  cover  ranged  from  40  to  60  percent  for 
both  species.  The  curve  for  percent  cover  for  the  spotted  bass  indicates  that 
high  amounts  of  .over  ''60  to  i  no  percent)  are  as  suitable  as  intermediate 
a:-  tints  •  40  r  '  1  p.*r.  ent  '  .  I'us  is  unreasonable  since  excessive  amounts  of 
.  -vr  have  hy"  ■  1,  >w: . .  icing  effii  ier.cv  (see  references  in  para¬ 
graph  Hi.  Mere!  vr,  r  •  :  )  1  o.rve  v.is  drawn  to  show  reduced  suit- 

nbilitv  when  cover  . . .  ’  percent  . 
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10  cm/sec  and  decreased  to  0.0  at  50  rm/sec.  The  SI  value  for  cover  was  1.0 


at  -'*0  percent  coverage  and  greater. 

20.  Group  5:  Smallmouth  and  bigmouth  buffalo.  The  buffalo  are  in  the 
genus  I'jticbu?,  which  is  in  the  sucker  family  (Ca tostomidae)  .  Both  species  of 
buffalo  are  characterized  hv  having  a  heavy  head,  rohust  body,  and  a  rela¬ 
tively  large  mouth.  Both  species  occur  in  large  rivers  and  are  usually  found 
in  sloughs,  oxbow  lakes,  and  other  backwater  areas  (Becker  1983).  Both  spe¬ 
cies  feed  by  searching  the  bottom  for  small  crustaceans,  snails,  insect 
larvae,  and  other  small  organisms,  as  well  as  algae  and  certain  species  of 
aquatic  plants  (Clay  1975). 

21.  The  bigmouth  buffalo  tolerates  higher  velocities  than  the  other 
groups  (Figure  6).  This  genus  is  usually  found  in  water  with  velocities  less 
than  0.70  cm/sec  (Schmulbach,  Gould,  and  Groen  1975),  although  they  can  with¬ 
stand  strong  current  for  short  periods  of  time  (Kallemevn  and  Novotny  1977). 
Trautman  (1981)  and  Kallemevn  and  Novotny  (1977)  reported  that  the  smallmouth 
buffalo  inhabits  streams  with  currents  up  to  100  cm/sec ,  although  in  all  like¬ 
lihood  these  fishes  avoid  high-velocity  water  for  all  but  short  periods  of 
time.  The  SI  curve  for  current  velocity  for  smallmouth  buffalo  (prepared  by 
Edwards  and  Twomey  1982)  showed  unsuitable  habitat  at  0  cm/sec,  which  is  not 
reasonable  since  this  species  is  found  in  both  lentic  and  lotic  environments. 
Therefore,  this  curve  was  modified  based  upon  data  collected  in  the  Yazoo 
River.  The  composite  curve  for  current  velocity  was  1.0  at  0  to  20  cm/sec  and 
declined  to  0  at  velocities  greater  than  140  cm/sec.  Optimum  percent  pools 
occurred  at  60  percent.  Percent  cover  did  not  appear  in  either  species  model 
and  was  not  included. 

Community  models 

22.  Community  models  were  constructed  for  each  congeneric  group  by 
taking  the  arithmetic  mean  of  the  five  composite  FT  variable  scores.  As  dis¬ 
cussed  in  paragraph  8,  there  are  several  methods  available  to  determine  the 
relationship  among  variable'.,  and  each  r  ’thod  will  result  in  different  HSI 
scores.  The  arithmetic  mean  is  used  when  there  is  a  compensatory  relationship 
among  variables.  The  geometric  mean  is  a  similar  mathematical  function,  but 
is  used  when  the  compensatory  relationship  is  considered  weak  (USFWS  1981). 

The  limiting  factor  method  is  also  commonly  used  in  describing  variable  rela¬ 
tionships  and  assumes  that  the  lowest  SI  score  is  limiting.  The  five  vari- 
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Figure  6.  Individual  and  composite  SI  curves 
of  percent  pools  and  average  current  velocitv 
for  buffalo  ( Tctiobur, ) 


influence  all  species.  Therefore,  the  arithmetic  mean  was  used  in  HSI 
cnlculat ions . 

23.  HSI  values  were  calculated  using  the  community  models  for  the  Yazoo 
River  and  Tittle  Cypress  Bayou  and  compared  with  values  obtained  from  the  un¬ 
modified  models.  HSI  values  calculated  from  both  types  of  models  were  similar 
for  most  species  in  the  Yazoo  River  except  spotted  bass,  redear  sunfish,  and 
green  sunfish  (Figure  71.  For  these  species,  the  HSI  scores  calculated  with 
the  unmodified  models  were  0.0,  while  the  community  models  produced  a  value 
less  than  0.3.  The  discrepancy  between  techniques  was  caused  bv  the  manner  in 
which  final  HSI  scores  for  the  unmodified  models  were  obtained.  Turhiditv  was 
the  limiting  variable*  i ti  the  unmodified  model  for  spotted  bass,  and  current 
velocity  was  limiting  to  tht  redear  and  green  sunfish.  Since  the  arithmetic 
mean  was  used  in  these  models,  final  HS 1  scores  were  quite  different  from  the 
published  models.  At  the  Tittle  Cypress  Bavou ,  the  HSI  sc  'res  calculated  from 
the  composite  mode1--  differed,  substantially  from  those  obtained  using  the  un¬ 
modified  model s  for  redear  sunfish,  wnrmouth ,  spotted  bass,  largemouth  bass, 
sma 1 1  mouth  hu f fa  I  1 ,  and  channel  catfish.  The  limiting  factor  method  was  used 
in  the  named: f fed  models  for  redear,  w armour!* ,  and  spotted  bass,  resulting  in 
low  HS!  scores  due  to  n->.e  limiting  variable  (usually  a  water  quality  variable) 
and  no  compensator'  influence  f i on  other  variables  in  the  model.  Fither  low 
water  qua!  i  tv  or  poor  h.iMr.it  for  reproduction  caused  reduced  HSI  values  in 
the  unmodified  model s  f or  sma 1 1  mouth  buffalo  and  channel  catfish. 

The  community  node's  produced  values  that  differed  for  selected 
species  and  were  similar  for  others ,  with  no  apparent  trends  with  regard  to 
taxonomic  status.  As  discussed  above,  HSI  scores  obtained  using  unmodified 
models  for  c  I .  -  so  1  •.  related  species  (such  ns  small  and  bigmouth  buffalo,  the 
sunfisbes,  etc.'*  were  often  quite  different.  There  are  no  ecological  reasons 
for  these  discrepancies.  !> i  f  f  erences  are  the  result  of  the  manner  in  which 
curves  were  drawn  ml  data  in  the  literature  were  evaluated,  or  calculations 
performed .  However,  these  differences  illustrate  the  problem  of  using  the 
published  models  for  closet'.  r>*  1  at  «•<!  species.  The  community  models  described 
in  this  .  epr  rf  !•  -ivo  reduced  <1  i  f  1  erences  among  c  I  ose  I  v  related  species  while 
still  retaining  imr*or  rant  '  ■  i  ■  > 1  'g  :  <  a  1  in*  err  at  ion. 


[;:  thi-.  case  t  1  :  •  a  1  H-'-T  s  -re  va°  equal  to  the  value  of  the  lowest  ST 
vil'ie.  if  ' '.alue  ‘  or  fur'iditv  equals  0.0,  then  the  HSI  equals  0.0. 
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Summary 


15.  Published  HS>  models  for  wnrmwatrer  fishes  are  difficult  to  use  in 
habitat  evaluation  studies  for  two  major  reasons.  First,  models  have  too  manv 
variables,  manv  of  which  are  difficult  and  time-consuming  to  measure.  The 
number  or'  variables  could  be  reduced  if  definitions  for  t  -e  same  variable 
category  i temperature,  turbidity,  etc.)  were  defined  with  uniform  terminolo¬ 
gies  and  units  of  measurement.  Second,  models  are  often  constructed  differ¬ 
ently  for  closelv  related  species  with  inconsistent  methods  of  calculating  the 
final  HSl  value.  As  a  result,  species  that  are  closely  related  taxonomicallv 
and  use  similar  habitat  frequently  yield  different  SI  scores.  The  HEP  is  a 
general  planning  tool  and  should  he  based  only  on  variables  that  are  important 
in  structuring  communi tv  composition.  To  be  most  useful,  the  HEP  should  be 
accurate  as  well  as  oasv  to  use . 

lb.  Based  upon  habitat  preferences  determined  from  field  studies  and  a 
review  the  literature,  warmwater  fishes  from  the  Little  Cypress  Bayou, 
Texas,  and  the  Vann,  Fiver,  Mississippi,  were  placed  into  the  following 
groups:  sir-fishes  i  '■’VO,  black  bass  (.*>'  '.•rovteY'un) ,  crappie  (lo’VO.ris), 

cattish  -  .  •;  „•  and  buffalo  (  7ut~‘.obus)  .  Community  models,  which  were 

much  l ess  complex  than  species  models,  were  developed  for  each  group  of  warm- 
water  fishes.  1  he  community  models  were  based  only  on  five  composite  ST 
curves  < pH ,  dissolved  oxygen,  percent  cover,  average  current  velocity,  and 
percent  pools'  that  characterize  major  habitat  requirements  of  these  species. 
The  community  mod.*  1 s  presented  in  this  report  are  applicable  to  general 
planning  studies  and  can  be  modified  if  site-specific  data  are  available. 
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Table  1 

Species  Used  in  Developing  Riverine  Community  Models 


Common  Name 


Scientific  Name 


Spotted  bass 

Micropter'us  punctulatus 

Largemouth  bass 

Mioropterus  salmoides 

B1 ueg i 1 1 

I.epomis  macvochi rue 

Warmouth 

Lepom a  au  1  c<sue 

Redear  sur.fish 

.r ep or'/ a  nr  arolophus 

r.reen  sun  fish 

Peponi  r,  euane 1 1.  up 

White  crappie 

Prmoxis  annu" a r~  e 

Black  c rapp i e 

Pnnox ’  » :  'arena  cut  at  u  r 

Smallmouth  buffalo 

:~i  >  obu>°  lube1  up 

Bigmouth  buffalo 

'rt  ■’ obun  pyrv'ne  1  lus 

Channel  catfish 

Tctalurup  vuneta^ue 

Black  bullhead 

Total  uru?  ne  tap 

8S 


Published  models  separate  juveniles  and  adults  Inti'  two  variables  resulting  In  .1  higher  number  of  variables  than  appear  In  this  table 


I 


yjii 

$ 

VlV 


1 


Table  3 

Categories  I'sed  To  Describe  the  Same  General  Habitat  Condition 


Category 

Depth 


Velocity 

Cover 


Water  quality 


Other 


Composite 

Variable 

HSI  Varial 
Number * 

Percent  pools 

1,  2,  3,  4 

Water  level 
fluctuation 

5,  6,  7 

Velocity 

8,  9,  10,  11 

Percent  cover 

12,  13 

Substrate 

14,  15,  16 

Dissolved  oxygen 

17,  18 

pH 

19 

Temperature 

20,  21,  22,  : 
25,  26,  27 

Turbidity 

29,  30 

Sal inity 

31,  32,  33 

Stream  width 

34 

Stream  gradient 

35 

Growing  season 

36 

*  Variable  numbers  refer  to  Table  2. 


Total  Number 
of  Variables 


l‘W 


i  > 


Table  4 

HSI  Scores  Calculated  From  Unmodified  Species  Models  for  Warmwnter 
Fishes  in  Little  Cypress  Bayou  and  Yazoo  River 


HSI  Value 
(Range) 

0.00-0.10 


0.11-0.20 

Spotted  bass 

— 

0.21-0.30 

Smallmouth  buffalo 

Largemouth  bass 
Warmouth 

0.31-0.40 

Largemouth  bass 

Channel  catfish 

Channel  catfish 

0.41-0.50 

Warmouth 

Redear  sunfish 

— 

0.51-0.60 

— 

Black  bullhead 

0.61-0.70 

Bluegi  1 1 

Bluegi 11 

White  crappie 
Black  crappie 
Bigmouth  buffalo 

0.71-0.80 

Bigmouth  buffalo 

White  crappie 

Smallmouth  buffal 

0.81-0.90 

— 

— 

0.91-1 .00 

Black  bul Ihead 

Green  sunfish 
Black  orappie 


Species  at  Indicated  Location 


Little  Cypress  Bayou 


Yazoo  River 

Spotted  bass 
Redear  sunf 1 sh 
Green  sunfish 


Table  5 


P'V' 

>v 

p.y 

v  •- 

tf- 


Habitat  Data  and  ST  Values  for  Bluegill,  Collected  In  the 
],  i  ttle  Cypress  Bavnu  and  Yazoo  River 


Va r i ab  1  e 

Cvpress 

Ravou 

Yazoo  River 

No.  * 

Habitat  Variable 

Data 

SI 

Data 

SI 

i 

Pools,  17 

75 

1  .0 

25 

0.4 

l  j 

Percent  cover  (logs, 

brush,  and  vegetation! 

50 

1  .0 

10 

0.6 

30 

Max  i mum  average  turbid- 
itv,  ppm 

10 

1  .0 

125 

0.6 

19 

pH 

6.5 

1.0 

7.2 

1.0 

17 

Minimum  dissolved  oxy¬ 
gen  ,  mg/  l 

4.0 

0.7 

5 

0.7 

31 

Salinity,  ppt 

0.0 

1.0 

0 

1  .0 

25 

Maximum  temperature  for 
adults  and  juveniles, 

“C 

29 

0.1 

28 

0.6 

21 

Average  temperature  for 
embryos,  °C 

19 

1 .0 

19 

1.0 

2b 

Maximum  temperature  for 
fry,  cC 

22 

1.0 

22 

1 .0 

8 

Average  current  veloc- 
itv  for  adults  and 
juveniles,  cm/sec 

5 

1  .0 

22 

0.5 

1  1 

Average  current  veloc¬ 
ity  for  embryos, 
cm/sec 

5 

1.0 

15 

0.7 

10 

Average  current  veloc¬ 
ity  for  fry,  cm/sec 

5 

1.0 

10 

0.1 

3  5 

Substrate  gradient, 
m/km 

0.5 

1.0 

0.5 

1.0 

14 

Substrate  composition 
for  embrvos 

Life  Requisites 

Fond 

Cove  r 

Water  quality 

F epr oduc t  ion 

i  >t  lie  r 

HSI 

Sand 

0.7 

0.4 

0.8 

0.5 

0.4 

1.0 

0.7 

Silt/clay 

0.7 

0.6 

0.6 

0.7 

0.8 

0.6 

0.7 

*  Variable  rubber  corresponds  to  Table  2. 
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Table  6 

Habitat  Data  and  SI  Values  for  Green  Sunfish  Collected  in  the 
Little  Cypress  Bayou  and  Yazoo  River 


Variable 

Cypress 

Bayou 

Yazoo  ] 

River 

No.* 

Habitat  Variable 

Data 

SI 

Data 

SI 

12 

Percent  cover 

50 

1.0 

10 

0.4 

1 

Percent  pools 

75 

1  .0 

25 

0.4 

35 

Stream  gradient,  m/km 

0.5 

1.0 

0.5 

1  .0 

17 

Minimum  dissolved  oxy¬ 
gen,  mg/ £ 

4 

0.7 

5 

0.7 

29 

Maximum  turbidity,  JTU 

20 

0.9 

150 

0.7 

19 

pH  range 

6.5 

1 .0 

7.2 

1.0 

25 

Maximum  temperature  for 
adults  and  juveniles, 

°C 

30 

1.0 

28 

1 .0 

26 

Maximum  temperature  for 
fry,  °C 

30 

0.6 

28 

CO 

o 

27 

Maximum  temperature  for 
embryos,  °C 

20 

1.0 

20 

1.0 

14 

Substrate  for  embryos 

Sand 

00 

o 

Silt/clay 

00 

o 

8 

Average  current  veloc¬ 
ity  for  adults  and 
juveniles,  cm/sec 

5 

1.0 

22 

0.1 

10 

Average  current  veloc¬ 
ity  for  fry,  cm/sec 

10 

1.0 

10 

0 

11 

Average  current  veloc¬ 
ity  for  embryos, 
cm/sec 

5 

1  .0 

15 

0 

34 

Average  stream  width,  m 

15.0 

1  .0 

40 

0.6 

31 

Maximum  salinity,  ppt 

0 

1  .0 

0.0 

1.0 

Life  Requisites 

Food/cover 

1  .0 

0.4 

Water  quality 

0.7 

0.7 

Reproduc  t ion 

0.9 

0.0 

Other 

1.0 

0.5 

HSI 

0.9 

0.0 

